Objective: Increasing demand for pediatric procedural sedation has resulted in a marked increase in provision of pediatric procedural sedation by pediatric critical care physicians both inside and outside of the ICU. Reported experience of pediatric critical care physicians-administered pediatric procedural sedation is limited. We used the Pediatric Sedation Research Consortium database to evaluate a multicenter experience with propofol by pediatric critical care physicians in all settings. Setting: Review of national Pediatric Sedation Research Consortium database to identify pediatric procedural sedation provided by pediatric critical care physicians from 2007 to 2012. Demographic and clinical data were collected to describe pediatric procedural sedation selection, location, and delivery. Multivariable logistic regression analysis was performed to identify risk factors associated with pediatric procedural sedation-related adverse events and complications. Measurements and Main Results: A total of 91,189 pediatric procedural sedation performed by pediatric critical care physicians using propofol were included in the database. Median age was 60.0 months (range, 0-264 months; interquartile range, 34.0-132.0); 81.9% of patients were American Society of Anesthesiologists class I or II. Most sedations were performed in dedicated sedation or radiology units (80.9%). Procedures were successfully completed in 99.9% of patients. A propofol bolus alone was used in 52.8%, and 41.7% received bolus plus continuous infusion. Commonly used adjunctive medications were lidocaine (35.3%), opioids (23.3%), and benzodiazepines (16.4%). Overall adverse event incidence was 5.0% (95% CI, 4.9-5.2%), which included airway obstruction (1.6%), desaturation (1.5%), coughing (1.0%), and emergent airway intervention (0.7%). No deaths occurred; a single cardiac arrest was reported in a 13-month-old child receiving propofol and ketamine, with no untoward neurologic sequelae. Risk factors associated with adverse event included: location of sedation, number of adjunctive medications, upper and lower respiratory diagnosis, prematurity diagnosis, weight, American Society of Anesthesiologists status, and painful procedure. Conclusions: Pediatric procedural sedation using propofol can be provided by pediatric critical care physicians effectively and with a low incidence of adverse events. (Pediatr Crit Care Med 2015; 16:11-20) Key Words: adverse events; airway obstruction; cardiac arrest; deep sedation; laryngospasm; propofol; risk factors P ediatric patients undergoing diagnostic studies or invasive procedures benefit from procedural sedation to prevent excessive motion, allay anxiety, and for provision of adequate analgesia. Pediatric procedural sedation (PPS) by nonanesthesiologists outside of the operating room has become quite common, and requests for this service are increasing at rate of approximately 10% per year (1, 2). Because of the rising demand for this service and the relative shortage of anesthesiologists and operating room availability, other pediatric subspecialists such as pediatric critical care (PCC MDs), pediatric emergency medicine physicians, and pediatric hospitalists have stepped in to provide PPS (3-5).
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Although PCC MDs are trained and quite experienced in the use of medications for deep sedation and analgesia, providing deep procedural sedation outside of the ICU presents (1) . Among the benefits of propofol are its rapid onset, reliable onset of deep sedation/anesthesia, and short duration of action, which results in rapid recovery, and minimal adverse events (AE) (6, 7) ). These features of propofol are particularly valuable in children. When compared with adults, pediatric patients receiving deep sedation are at significantly higher risk for AE and have a lower margin of error for progression to AE (7, 8) . PCC MDs may have variable experience with propofol (9, 10) . Most of the studies examining propofol use by PCC MDs have been limited to a single institution's experience, were based on small sample sizes, or have used inconsistent definitions of AE. Because of their relatively small sample sizes, most of these studies are underpowered to report infrequent AEs although all of them conclude that the use of propofol in PPS is associated with a low incidence of AE (1, (9) (10) (11) (12) . Only one study in the literature (using data from the Pediatric Sedation Research Consortium [PSRC]) has sought to evaluate if major sedation-related complication rates differed between different pediatric subspecialty providers (2) . This study found no differences in AE rates between provider subspecialties. However, the study did not examine the impact of location of sedation.
Given the increasing use of propofol for PPS by PCC MDs, it is important to characterize the AE profile associated with its use by PCC MDs accurately. Furthermore, the impact of sedation location on AEs during PPS by PCC MDs using propofol has not been previously studied. We used the PSRC database, the largest multicenter registry of pediatric sedation experience, to evaluate the experience of PCC MDs with delivery of propofol for PPS in all settings. Our objective is to define the patient population managed by PCC MDs better and to describe the nature and frequency of AEs of PPS with propofol. We hypothesized that PCC MDs can effectively deliver elective procedural sedation with propofol in multiple locations inside and outside of the ICU with minimal AEs. In addition, we hypothesize that risk factors such as upper respiratory tract infection, prematurity, age, and American Society of Anesthesiologists (ASA) status will be associated with an AE.
MATERIALS AND METHODS

Study Design and Data Collection
This study was an observational cohort review of a prospectively collected research database. We evaluated the PSRC database to identify all PPS provided by PCC MDs between September 2007 and December 2012. PSRC data collection methodology has been detailed in a report of its first 30,000 sedations in 2006 and another 49,836 sedations in 2009 (3, 12) . The PSRC data sharing group comprises 37 self-selected locations, including children's hospitals (both within and separate from general hospitals), and general/community hospitals (Appendix 1). Participating institutions were required to obtain institutional review board approval for data collection, identify a primary investigator, and agree to a standardized methodology for consecutive data collection. The intent of the PSRC database is to describe the nature and rate of events (overall) because they occur in the consortium for children undergoing diagnostic and therapeutic procedures outside the operating room. PSRC data are offered as an observational and descriptive set of information to assist in understanding this area of care because it occurs at member institutions. Definitions for events and AEs are discussed and agreed upon by the member institutions at yearly meetings. All members are asked to complete data audits every 6 months that assure the appropriate number of records has been submitted and that there are no systematic errors in the manner in which data are being completed.
PSRC uses a web-based data collection tool composed of 25 primary screens and a dynamically generated interface for each subsequent question according to previous responses. PSRC database records demographic data, the location and nature of the procedure performed, the use of adjunctive medications, and the presence or absence of several predefined AEs. Informed consent was waived because all data are deidentified. The use of multicenter data for quality and research analysis is approved as part of the PSRC data agreement. This study looked at elective sedations performed by PCC MDs and not sedations performed as a part of the care of critically ill patients in a PICU.
In November 2011, the PSRC changed its online data collection template. As a result, definitions of various adjunctive medications, primary diagnoses, and AEs changed. Only variables available in both the 2007 to 2011 and the 2011 to 2012 cohorts were used in analysis.
Outcome and AE Measures
Successful completion of a procedure was documented as an outcome measure. We assessed the incidence of AE and serious AEs (SAE) as outcome measures. A list of these AEs is provided in Appendix 2. A SAE was defined as any one of the following events: 1) airway obstruction, 2) laryngospasm, 3) emergent airway intervention, 4) unplanned hospital admission or increased level of care, 5) aspiration, 6) emergency anesthesia consult, 7) cardiac arrest, or 8) death. These SAE are readily identifiable in the sedation database. Emergent airway intervention, as defined in the PSRC database, includes tracheal intubation, positive pressure ventilation, or placement of another airway device (oral airway, nasopharyngeal tube, or laryngeal mask airway) because of prolonged apnea or oxygen desaturation. Airway obstruction was defined as lack of air movement in spite of respiratory effort. Laryngospasm was defined as complete or near-complete lack of air movement with respiratory effort and/or stridor, not relieved by chin repositioning or oral/nasal airway. Although multiple AE could occur within a single course of sedation, the AE rate was reported as the number of sedations in which at least one AE occurred out of the total number of sedations. Additionally, patients could have been sedated more than one time and appear multiple times in the dataset. For analysis, multiple sedations on the same patient were considered independent. Information was only available on pre-, intra-, and immediate post-procedure events and long-term follow-up or any subsequent care related to an AE could not be obtained.
Statistical Methods
Descriptive statistics were calculated using counts and frequencies, medians and ranges, or means and CIs for patient demographics and sedation procedure characteristics. AE and SAE rates were calculated, and 95% CIs for these rates are provided. AE rates were also calculated by location of sedation, and chisquare tests were used to determine whether rates varied by location. To control for multiple testing, a Bonferroni correction was applied and multiple comparisons between locations were considered significant at the 0.008 level. Multiple variable logistic regression was used to identify risk factors associated with an AE. Adjustment for individual center effect was not performed because of the potentially large number of confounders, such as case mix, ASA status, and referral patterns, that make it difficult to compare across centers in the database. Potential risk factors were identified because of their historically known or demonstrated association with the occurrence of an AE and included: location of sedation, primary diagnosis, age, weight, sex, ASA physical status greater than or equal to 3, the number of adjunctive medications in addition to propofol, painful procedure (Appendix 3), nothing by mouth for solids and clear liquids, and mode of propofol (bolus only, infusion only, and bolus plus infusion) administration. Because of the high correlation between age and weight (r = 0.867), only weight was included in the models and was dichotomized as less than 5 or greater than or equal to 5 kg. Weight was dichotomized as less than 5 and greater than or equal to 5 kg, which provides an easier interpretation of the model odds ratios for the clinician. This dichotomization is also similar to what has been done in a previous study (13) . All variables were initially included in the model. A modified backward elimination procedure was used, and nonsignificant variables were systematically removed, provided the model fit did not significantly change. Statistical significance was assessed using a significance level of 0.05, unless otherwise noted, and two-sided statistical tests are reported. All statistical analyses were performed using SAS 9.3 (Cary, NC).
RESULTS
Demographics and Sedation Characteristics
Between September 2007 and December 2012, 91,189 procedural sedations performed by PCC MDs using propofol were reported. Demographic and sedation characteristics are provided in Tables 1 and 2 . The majority of patients were less than 12 years old and over one half (51%) were less than or equal to 60 months. Boys were slightly more prevalent than girls. Most patients (81.9%) were ASA physical status I or II. A small number of patients (1.2%) had a documented NPO time for solids of less than 6 hours prior to sedation. More than 94% of patients received propofol through bolus administration (either bolus alone or bolus and infusion) and 62% of patients received at least one adjunctive medication with propofol. The most frequently used adjunctive medications were lidocaine (35.3%), opioids (23.3%), benzodiazepines (16.4%), and anticholinergics (8.2%). Eighty-one percent of patients were sedated in either a radiology or a sedation unit. The most common primary diagnosis was hematology/oncology (30.2%) followed by neurological (26.4%) and gastrointestinal (18.9%). Patients were sedated for a variety of procedures. The most common procedures were radiology (40.7%) followed by hematology/oncology (24.8%), gastroenterology (19.7%), and surgical (10.2%) (Fig. 1) . The overwhelming majority of procedures were successfully completed (99.9%); only 118 procedures could not be completed, secondary to the AE. Tables 3 and 4 , respectively. Among the five most common AE, two were considered serious (airway obstruction and emergent airway intervention). All other AEs considered were extremely rare and occurred in less than 0.5% of sedations.
No deaths were reported. Cardiac arrest was reported in only one patient. This patient was a 13-month-old child with history of genetic/metabolic disease, sedated for MRI had a cardiac arrest intraprocedure. She experienced airway obstruction, desaturation, and hypoxemia requiring intubation. She received 30 seconds of chest compressions and was admitted to the PICU after intubation. Within 2 hours, she was extubated and survived without any neurologic or other sequelae.
AE and serious adverse rates varied significantly by location ( Fig. 2) (p < 0.001 for both rates). Although sedations by intensivists in dental suites were rare (< 0.05%), the AE rates were the highest in this location (25.0%), followed by cardiac catheterization suites (13.9%), "other" locations (8.4%), and the PICU (6.7%). Radiology/sedation units were the most common location for sedation (80.9% of the total), and the overall AE rate was 4.7%. Radiology/sedation units had a significantly lower AE rate when compared with the PICU (6.7%; p = 0.001), dental suites (25.0%; p = 0.008), specialty clinic/ floor unit (5.4%; p = 0.001), cardiac catheterization suite (13.9%; p < 0.001), and other locations (8.4%; p < 0.001) but was not significantly different from the emergency department (ED) (4.2%; p = 0.946). SAE rates were highest in dental suites (10.0%) followed by cardiac catheterization suites (8.0%) and "other" locations (4.5%). The ED had very few SAE (n = 2; 1.4%), followed by radiology/sedation units (2.0%). Similar to the comparison of AE rates among locations, the radiology/sedation location had a significantly lower SAE rate when compared with the PICU (p < 0.001), dental suites (p = 0.008), specialty clinic/floor units (p < 0.001), cardiac catheterization suites (p < 0.001), and "other" locations (p < 0.001) but was not significantly different from the ED (p = 1.000).
Risk Factors for AEs
The final multiple variable logistic model included the variables location of sedation, the use of adjunctive medication with propofol, primary diagnosis of a lower respiratory infection, primary diagnosis of prematurity, primary diagnosis of upper respiratory infection, weight, ASA status, and painful procedure ( Table 5) . NPO status of less than 6 hours prior to sedation was not associated with increased risk of AE. After adjusting for ASA status, diagnosis, weight, and adjunctive medication, location of sedation was still a significant predictor of an AE. Patients with a primary diagnosis of a lower respiratory infection had significantly higher odds of an AE when compared with those that did not have a lower respiratory infection (odds ratio, 2.80; 95% CI, 2.39-3.28). Similarly, a diagnosis of an upper respiratory infection was also associated with increased odds of an AE. The odds of having an AE in patients with an ASA status of greater than or equal to 3 were 1.5 times greater than patients with ASA less than 3. A primary diagnosis of prematurity was extremely rare (0.1%) but was associated with increased odds of having an AE (odds ratio, 2.02; 95% CI, 1.05-3.88). For patients undergoing a painful procedure, the odds of an AE were significantly lower than those not undergoing a painful procedure (odds ratio, 0.73; 95% CI, 0.68-0.78).
DISCUSSION
This study describes experience from the largest cohort to date of PPS by PCC MDs in children undergoing diagnostic and therapeutic procedures outside the operating room using propofol.
Results demonstrated efficacy of PPS delivery in multiple settings using propofol by PCC MDs. Our results are consistent with a smaller PSRC cohort study, demonstrating that PPS by trained sedation teams, including PCC MDs, is highly effective with a low rate of SAE (12) . The overall AE incidence in PPS by PCC MDs was 5%, and the SAE rate was 2.2%. In a prior comparative review of specialty providers from the PSRC database from 2004 to 2008, Couloures et al (2) identified a major complication rate of 9.6/10,000 sedates (0.096%) for PCC MDs. Of note, in that large study, there were no differences in AE s among PPS episodes provided by anesthesiologists and emergency medicine physicians. The authors defined major complications as death, cardiac arrest, emergency anesthesia consult, aspiration, and unplanned admission or increase in level of care. When evaluating our more recent database review for the same subset of complications, we found a lower major complication rate of 6/10,000 sedates (0.060%). We elected to define an SAE rate that include the above complications, as well as emergent airway intervention, airway obstruction, and laryngospasm, for an overall SAE rate of 212/10,000 sedates (2.12%). We determined that these additional complications were important to identify as SAE to give the broadest assessment of potential AEs faced by PCC MDs providing sedation. Airway obstruction, the most common complication in this study, can be the initial event in the pathway to pediatric respiratory or cardiac arrest (14, 15) . Pediatric patients are more likely to have an acute upper airway obstruction caused by smaller airway caliber and increased compliance of airway cartilage when compared with adults (16) . Also, studies have shown that increasing depth of propofol anesthesia in children is associated with upper airway obstruction (17, 18) . We also reported laryngospasm because of its association with commonly used drugs, painful procedures, and high likelihood of requiring airway interventions (19) . Given the frequency, varying physiologic etiologies in children, and multiple management modalities, identification, and treatment of airway obstruction are the most critical competency for providers of PPS. Simple interventions by PCC-trained MDs, such as patient positioning (jaw thrust and head tilt/chin lift), suctioning, the use of nasopharyngeal or oral airway, or deepening sedation, could help alleviate airway obstruction (20) , and intervention by provision of bag-valve-mask ventilation for laryngospasm could contribute to preventing more severe SAE. There were no deaths in this patient population. The only cardiac arrest described was associated with airway obstruction. This case illustrates the importance of upper airway obstruction, its early recognition, and appropriate management by skilled sedation providers.
The radiology/sedation unit was the most common location of sedation and thus was used as a reference location against which all other locations were compared. Performing PPS in a consistent location with a dedicated sedation team may contribute to low AE or SAE rate as supported by patient safety and healthcare quality literature (3, 4, 21-23) . The experience of trained sedation staff in screening of patients who are appropriate for sedation, monitoring sedated patients, having readily available equipment, and managing the patient's airway may explain why such radiology/sedation units had a low incidence of AE.
We found that AE and SAE rates varied significantly by location of sedation. Although sedations in dental suites were rare, both AE and SAE rates were very high in this location. The odds of an AE were almost nine times higher than the odds of an AE in a radiology/sedation unit. This is consistent with findings from other pediatric dental studies. In these studies, it has been speculated that the higher incidence of AE in pediatric dental offices is attributable to lack of adequate monitoring, the need for multiple medications, and the challenge of quickly accessing and managing a patient's airway (secondary to abnormal head and tongue positions, foreign materials such as cotton and rubber dams, presence of blood, increased secretions, and exogenous water) (7, 24, 25) . The odds of developing AE were 2.6 times higher in the cardiac catheterization suite when compared with sedation in a radiology/sedation unit. This is not surprising given the underlying pharmacologic effects of propofol. The cardiopulmonary effects may not be tolerated well in children with congenital heart lesions or depressed cardiac function who are particularly sensitive to changes in preload or afterload. Propofol can alter hemodynamics by decreasing systemic mean arterial pressure and afterload, with increased systemic blood flow. This can result in an increased right to left shunt, and clinically decreased Pco 2 and Spo 2 in cyanotic patients (26) . Many of the patients with congenital heart disease undergoing cardiac catheterization may have abnormal airway anatomy, pulmonary hypertension, and are at higher risk for develop arrhythmias (27) . However, adding the primary diagnosis of cardiovascular condition to the logistic regression model did not significantly improve model fit or was it a significant predictor of an AE. Unfortunately, the PSRC database does not include hemodynamic parameters, such as heart rate and blood pressure, at baseline of regular intervals during sedation. Collecting these parameters in a database would allow for a more convincing analysis and allow separation of hemodynamic from respiratory events. Risk of AE increased with the addition of adjunctive medications and was almost six times higher in patients receiving four or more drugs in addition to propofol. These results are in line with findings by Coté et al (7), who showed that AEs were frequently associated with drug interactions, particularly when three or more drugs were used. Additional factors demonstrating increased risk of an AE included an ASA status greater than or equal to 3, primary diagnosis of upper or lower respiratory tract disease, prematurity, and small size (weight ≤ 5 kg). These data are consistent with other studies identifying risk factors for AE (9, 12, 28, 29) . In this review, 1.2% patients were noncompliant with American Academy of Pediatrics (AAP) sedation NPO guidelines, which call for an NPO time of greater than 6 hours prior to sedation (30) . However, our multivariate analysis did not find an association between appropriate NPO status and AEs. A previous study reported that deep sedation of patients undergoing abdominal computed tomography within an hour of by mouth contrast with propofol was not associated with increased AE risk (31) . Although patients in the PSRC database with noncompliant NPO status did not demonstrate increased AE risk, we still recommend strict adherence to the AAP sedation NPO guidelines (30) .
Patients undergoing painful procedures had a lower risk of developing an AE. This can be potentially explained by the effect of painful procedures to increase patient respiratory activity and alertness caused by the lack of analgesic properties in propofol, thus offsetting the respiratory depression caused by propofol (28) . Painful procedures also tend to be shorter when compared with imaging studies, such as MRI scans. For painful procedures, unlike MRI, sedation providers are in constant contact with their patients and are able to anticipate and initiate management more rapidly, such as repositioning the airway, jaw thrust, providing supplemental oxygen prior to any significant change in vital signs, and administration of additional medications to maintain depth of sedation. This study has several limitations. The data used in this study come from the PSRC database, which is observational and voluntary in its nature. It is possible that motivation and organization in the 37 member centers reporting would lead to higher performance. As a result, there could be selection bias similar to that present in all sedation/anesthesia studies from single centers reporting their own outcomes. PCC MDs not participating in the PSRC may not have similar results. Additionally, selective data reporting and delay in reporting AE for a particular study period by institutions are possible. However, blinded data submission and internal audits by the PSRC decrease the impact of these effects. Although many PSRC centers likely use similar or identical monitoring approaches (exhaled CO 2 cannulae, etc.) and protocols, the PSRC does not mandate specific standardized or mandated monitoring protocols. Likewise, the PSRC database does not have a method for specific intraprocedure collection of hemodynamic parameters for an entire case. However, hemodynamic parameters are routinely monitored at all centers, and the centers report unexpected change in heart rate (tachycardia, bradycardia) or blood pressure (hypertension or hypotension) that is more than 30% different from baseline. Finally, there are no national benchmarks for definitions of AE (32) . We have used the definition for all AE set forth by PSRC, which provides some standardization for the data reporting across the 37 centers (2). Furthermore, we did not take into account AE in relation to the level of sedation. There is a possibility that rate of AEs increase as the depth of sedation increases (30). The determination of the level of sedation requires patient stimulation and is not practical.
CONCLUSIONS
PPS performed using propofol can be performed by PCC MD and can be performed in multiple hospital settings with a very high rate of successful completion and with a low incidence of AE. AE rates are impacted by location of sedation and the use of multiple medications. Although the frequency of transient airway obstruction may be higher than previously thought, airway obstruction can be minimized using a trained provider with proficiency in airway management, appropriate patient and procedure selection, and strict adherence to patient monitoring including the use of end-tidal capnography and pulse oximetry. Immediate access to airway rescue equipment will also help to minimize risk of airway obstruction. To optimize safety, appropriate patient and procedure selection are important. Patients at high risk for complication may be deferred to anesthesia or intubated by the PCC MD prior to the procedure. PCC MDs should ensure that appropriate monitoring, as well as airway rescue equipment, is readily available. Identification and designation of roles to the sedation team members and the use of closed loop communication will help facilitate teamwork and improve efficiency and safety of procedural sedation. 
